each of these perivascular neuronal systems clearly necessitates identification of the cerebrovascular response and the concentrations which provoke the response.
Historically, the first systematic attempts to an alyse cerebrovascular smooth muscle reactivity were performed in in situ studies by Forbes and Fog during the 1930s. These investigators examined, with a cranial window technique, the alterations in pial vessel diameter following changes in blood pressure, changes in blood gas levels, and the sys temic and topical administration of various agents (Purves, 1972) . The results of attempts to study iso lated brain vessels under in vitro conditions were essentially negative until the beginning of the 1970s when sensitive systems for systematic investiga tions of vasomotor activity in brain vessels in vitro were developed (Nielsen and Owman, 197 1) . Con currently with this, a number of groups adapted and refined the cranial window approach for the inves tigation of drug effects in situ by means of either superfusion with a closed skull preparation (Raper et aI., 1972) or perivascular subarachnoid microap plication around individual arterioles in an open skull preparation through a mineral oil barrier (Wahl et aI., 1972) . In this review we have attempted to bring together research carried out over the last de cade on the characterisation of vasomotor re sponses in the cerebrovascular bed, using in vitro and in situ approaches. The major sources of vari ation in different cerebral arteries among different investigators will be highlighted and, when they have been fully considered, we hope to be able to demonstrate that a coherent view of the reactivity of cerebrovascular smooth muscle has emerged from both in vitro and in vivo investigations.
METHODOLOGY AND INNERVATION
The first question to be addressed is: How rep resentative are pial vessels of cerebrovascular smooth muscle generally? Morphologically, the fe line basilar artery contains approximately eight smooth muscle cell layers, whereas the middle ce rebral artery has only five to six muscle cells per circumference (for references, see Edvinsson, 1976) . Pial arteries and arterioles on the cortical sur face are generally equipped with two to three muscle cells, whereas penetrating arterioles have only one or two smooth muscle cells per circum ference. The adventitial layer is notably thin, com posed of loose connective tissue in which auto nomic nerve fibres can be found. It is only in large pial arteries that an inner elastic lamina can be seen. Myofilaments occur in smooth cell cytoplasm, as well as dense bodies that underline the cell surface and are thought of as "anchoring" the myofila ments to the cell walls. Sometimes smooth muscle cells appear to share a single basement membrane, or the space between them may be occupied by an incomplete basement membrane. Such arrange ments resemble a nexus formation and offer the possibility for excitation spread of impulses ema nating from vasomotor nerves present in the adven titial layer. Endothelial cells lack fenestrations and are joined together by so-called tight junctions which prevent large molecules from passing freely into the brain tissue. The number of endocytotic vesicles is low-another characteristic of cerebral endothelium. In the brain substance, capillaries and venules consist mainly of endothelium and some times pericytes, all surrounded by a basement mem brane. There is some evidence (e.g., autoradio graphic studies on the transport of small, neutral amino acids across the blood-brain barrier) (Blas berg et aI., 1983 ) that pial vessels are demonstrably more permeable than intracerebral vessels, though still substantially less permeable than peripheral blood vessels. However, at least with respect to permeability barrier characteristics, pial vessels are intermediate between those in the periphery and those within the brain substance.
In addition to its role as a permeability barrier between the blood and the brain, the endothelium is of considerable interest to those interested in normal and abnormal vascular responses in brain vessels. Vascular endothelial cells can generate prostacyclin (Moncada et al., 1976) , the role of which in cerebrovascular physiology and pathology remains controversial (see Pickard, 1981) . Further, the relaxation of cerebral blood vessels provoked by some neurotransmitters, such as acetylcholine, is dependent on an intact endothelial cell layer; when the endothelium is damaged, the dilatation provoked by acetylcholine is lost (Lee, 1980) .
A persistent question concerns the extent to which pial arteries, surface pial arterioles, and in traparenchymal arterioles are innervated by peri vascular nerve fibres. With the unequivocable dem onstration of sympathetic (Nielsen and Owman, 1967) and parasympathetic nerves (Edvinsson et al., 1972) , it was universally accepted that the pial circulation is indeed innervated by autonomic nerve fibres. However, the controversy remained, since it was argued that, although the pial circulation might be innervated by autonomic nerves, this innerva tion did not extend to include the penetrating arte rioles whose major contribution to local cerebrovas cular resistance would be regulated by local meta bolic factors. This was the basis of the dual-control (i.e., metabolic-neurogenic) hypothesis advanced by Harper and associates (1972) . Whether this hy pothesis proves to be as valuable in the future as it has been in the past remains to be seen, in view of the complexity and diversity of the perivascular in nervation patterns demonstrated in recent years. Cerebral vessels are innervated by fibres containing substance P and neuropeptide Y (Edvinsson et aI., 1981 (Edvinsson et aI., , 1983b which, like the classically described sympathetic noradrenergic and parasympathetic cholinergic fibres, appear to be derived from sym pathetic ganglia or branches of the cranial nerves and, additionally, by nerves containing CCK Guinea pig 2.5 x 10-7 38 9.1 x 10-9 52 Dog 3.0 x 10-7 4 3.0 X 10-9 93 Cat 6.9 x 10-7 30 3.6 X 10-8 39
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(Hendry et aI., 1983), 5-HT (Sano et aI., 1982; Grif fith et al., 1982; Edvinsson et aI., 1983a) , and noradrenaline (N A) (Raichle et al., 1975) arising from the CNS. The origin of other systems such as VIP (Larsson et aI., 1976), somatostatin (Duckles and Buck, 1982) , neurotensin (Chan-Palay, 1977), and GRP (Uddman et aI., 1983) has not been clearly established. In the perivascular neuronal systems which have been systemically studied (Table 1) , the major pial arteries receive a richer supply of peri vascular nerves than the pial microcirculation. The supply of nerve fibres to intraparenchymal arte rioles is more sparse: To date, only NA, neuropep tide Y, CCK, and VIP fibres have been convincingly demonstrated ( Table 1) . While there may be some qualitative differences between pial vessels and intraparenchymal vessels with respect to their blood-to-brain permeability and innervation densities, it is important to recog nise that pial vessels display responses in vivo which are considered to be characteristic of the ce rebral circulation. Pial vessels dilate and constrict when perfusion pressure is lowered and raised, re spectively; they dilate with systemic hypercapnia and hypoxia and in response to increased metabolic demand in underlying cortex. It is these features which form the major justification for their use as a model for assessing cerebrovascular vasomotor responses (see Rosenblum and Kontos, 1974) .
SOURCES OF VARIATION: IN VITRO

Species differences
While all those involved in experiments with an imals recognise the possibility of interspecies vari ation, there have been no systematic investigations of its importance in cerebrovascular research. It should be emphasised that the species used most often in investigations of vasomotor reactivity are those commonly used for measurements of CBF in intact animals. As can be seen in Ta ble 2, there are marked differences both in sensitivity and in con tractile capacity in response to NA and 5-HT in cerebral arteries from different mammals. For ex ample, in the goat the concentration of NA required to constrict cerebral arteries is more than 100 times that required in human vessels; the maximum re sponse to NA in canine vessels is only 4% of that provoked by potassium depolarisation, whereas in rabbit vessels the NA response is more than 50% that elicited by potassium ( Table 2 ) (see also To da, 1977a) . Divergent results which are a consequence only of interspecies variation can often be em ployed selectively by investigators using an in vivo preparation to substantiate a particular viewpoint. In the initial, detailed investigations of noradren ergic vasomotor responses in cerebral arteries from rabbit (Bevan and Bevan, 1973) and cat (Edvinsson and Owman, 1974) , somewhat disparate conclu sions were reached, the latter study favouring an influence of sympathetic nerves and NA in cere brovascular regulation, whereas the former study's results were more equivocal. Although NA and 5-HT were qualitatively similar in rabbit basilar and cat middle cerebral arteries, the rabbit vessels were markedly less sensitive to NA (Bevan and Bevan, 1973; Edvinsson and Owman, 1974) . During the de bate about the physiological significance of the peri vascular sympathetic nerves that has continued over the last decade, these studies have been used selectively, depending on the objectives of re searchers, in support of either positive or negative data obtained with in vivo methods (Heistad and Marcus, 1978; Purves, 1978) .
lnterspecies differences in the vasomotor re sponses of cerebral arteries are not restricted to quantitative differences in sensitivity to a particular neurotransmitter or the magnitude of the response. Recent evidence suggests that the receptor subtype involved in a particular response may differ among species. For example, the o.-adrenoreceptors in cat, dog, rabbit, and cow are of the 0. 2 type (which can be blocked by yohimbine), whereas those in human, rat, and guinea pig are of the 0. 1 type (which can be blocked by prazosin) (Skarby et aI., 1981; Sakaki bara et aI., 1982; Toda, 1983; Tsukahara et al., 1983) . Vasomotor responses of cerebral vessels can be qualitatively different in different species. Bra dykinin contracts canine cerebral arteries but re laxes those of humans, cats, and rabbits (Toda, 1977b) . A dilator response to transmural nerve stim ulation can be consistently unmasked in arteries from sheep and cats, but not consistently in canine vessels (Lee et aI., 1978; Duckles, 1979) . Interspecies differences are intriguing from a bi ological viewpoint. Do they mean that the physio logical roles of perivascular nerves may differ from species to species (a view for which there is already some experimental evidence in vivo, at least for sympathetic nerves) (Heistad et al., 1978) ? Can the interspecies variation provide a basis for the design of in vivo experiments which will elucidate the func tion of the large number of perivascular neuronal systems identified in cerebral vessels in the last 5 years? However, it is clear that universal conclu sions on the effects of vasoactive agents on the ce rebral circulation cannot be made from studies on just a single animal species.
Differences among cerebral arteries
The choice of which portion of the circle of Willis is to be examined has never been considered to be of crucial importance with respect to the results ob tained in cerebrovascular studies in vitro. Limited support for such a view was available. A decade ago Allen et al. (1974) reported that canine middle cerebral arteries and basilar arteries responded in a similar manner to a variety of agents (5-HT, NA, and prostaglandins F2«, AI' and EI). Although there has been no systematic investigation of the impor tance of which cerebral artery is to be studied, al most every subsequent study in which a compar ison between cerebral arteries has been made has (1978b,c,1979,1983b) ; Acar and Pickard (1978) ; Wahl et al. (1972a,b) .
b 5-Hydroxytryptamine can dilate and constrict pial arterioles in situ with the direction of response being de pendent on the tone of the vessel examined (Harper and MacKenzie, 1977b) . No reliable dose-response curves for either of these two responses have been obtained. Contrast the interartery differences in the response to NA with their similarity of response to 5-hydroxytryptamine ( Fig. 1 ). Data are given as mean values ± SEM.
indicated that substantial differences do exist in the sensitivity of different cerebral arteries and in the nature of their response (for example, Bevan, 1979; H6gestatt et ai., 198 1) . In Figs. 1 and 2, a compar ison is made of the responsiveness in vitro of six feline cerebral arteries toward the classical agonists NA and 5-HT. In each of the six arteries, 5-HT provoked sigmoidal dose-response curves with similar ECso (half-maximal response concentration) values (between 30 and 100 nM), the only differ ences among the arteries being the magnitude of the maximum response (Fig. 1) . In contrast, the re sponse to NA differs markedly among the cerebral arteries (Fig. 2) . Only the anterior and middle ce- rebral arteries display sigmoidal log dose-response curves for NA, with ECso values of about 2 /-LM. The posterior cerebral, basilar, vertebral, and su perior cerebellar arteries are relatively insensitive to low concentrations, with only the highest con centration provoking powerful contractions. The ECso values in these vessels (300-1,000 /-LM ) are markedly greater than those observed in anterior and middle cerebral arteries. A further disturbing feature is that powerful contractions elicited by the highest concentration of NA may be nonspecific, since the contractions were unaffected by phen oxybenzamine pretreatment. The choice of the cere bral artery to be investigated would be relatively unimportant in studies of cerebrovascular response to 5-HT, but would be of crucial importance in as sessing the sensitivity of "cerebral vessels" to NA or charac�erising the receptor involved in the re sponse. 1\he preliminary results described here ( Figs. 1 and 2) for two neurotransmitters in a single species represent the tip of the iceberg of uncer tainty. What are the relative sensitivities of different portions of the circle of Willis to the host of agents (putative neurotransmitters, therapeutic drugs, pathological factors) which are of interest to cere brovascular researchers? Will the hierarchy of reac tivity among vessels to a single agonist be main tained in different species?
Technical aspects
The technical approaches of different investiga tors have never been analysed in depth. There are three general styles of preparation for examining vasomotor responses of the cerebral vasculature in vitro. The most widely employed are ring segments of cerebral arteries with recording of tone by means of two metal probes inserted into the lumen of the vessel (for example, Duckles and Bevan, 1976; HogesHitt et aI., 1983) . A number of other investi gators have used helically cut strips of cerebral ar teries to record isometric force. Although this ap proach has attracted some criticism because of the potential artifact introduced by slight differences in strip width and pitch of the helix (Herlihy, 1980) in some investigators' hands (most notably Toda and associates), spirally cut cerebral vessels have yielded consistent results. A third approach, which has not yet found widespread use, is to cannulate arteries (Lusamvuku et aI., 1979) or even intrace rebral arterioles (Dacey and Duling, 1982) . These systems permit intraluminal or extraluminal perfu sion of drugs. No assessment has ever been made of the relative merits of these approaches in cere brovascular research.
The main emphasis in in vitro investigations has shifted in recent years from simply describing the nature of the response to a drug to detailed char acterisation of the receptor type involved. Although the in vitro methodology is relatively simple, a number of precautions must be taken if reliable measurements of ECso values and maximum re sponse are to be obtained. Agonists and antagonists will interact with receptor sites other than those intended. Thus, NA and 5-HT may, besides their well-known activation of a-adrenoreceptors and 5-HT receptors, respectively, stimulate �-adrenore ceptors and thus cause dilatation. Furthermore, if studies are performed on vessels with active uptake into smooth muscle and nerve terminals, this may be an additional source of error. The problem is not as important in cerebral blood vessels as in periph eral vessels, since electron microscopy has shown that the neuromuscular junction is considerably wider (Verity, 197 1) , and cocaine and prior sym pathectomy thus only modify the effect of NA mar ginally (Edvinsson et aI., 1976; Araki et aI., 1982) . While these considerations are well recognised in studies of aminergic mechanisms, their importance in investigations of polypeptides of these and other factors (biodegradation, access to neuromuscular junctions, etc.) remains to be clarified. The ability to exercise control, readily and almost absolutely, over the perivascular environment represents a major advantage of in vitro approaches in compar ison with in situ techniques.
SOURCES OF V ARIA nON: IN SITU
Direct in situ examination of the pial vessels on the convexity of the cerebral cortex of anaesthe tised animals was the first technique in cerebrovas cular research to gain wide acceptance and to yield data whose place in history is secure. It was by viewing the cerebral vessels directly via cranial windows that Forbes, Fog, and their collaborators and contemporaries were able, over half a century 1.4 x 10-9 8 x 10-9
1.3 x 10-8 3 x 10-8 6.8 x 10-8 1.3 x 10-7 2.1 x 10-7 2.8 x 10-7 4.1 x 10-7 7.7 x 10-7 9.3 x 10-7 4.7 x 10-6
In situ
Maximum dilatation (% increase from initial calibre) 21 23 _b 13 EC50 (M) 2 X 10-9 10-9
Inactive Inactive 28 10-11 46 10-6 28 6 x 10-7 16 3 x 10-8 33 5 x 10-7 32 10-6 a Data are arranged in order of potency (i.e., EC50) determined on feline middle cerebral arteries in vitro. Values of maximum responses and EC50 are derived from data of Kuschinsky et al. (1974) and Edvinsson et a\. (1977, 1981, 1982) ; Larsson et al. (1976) ; McCulloch and Edvinsson (1980) ; Hanko and Hardebo (1978) ; Wahl et al. (1974 Wahl et al. ( , 1983 ; Edvinsson and Owman (1974) ; Edvinsson et a\. (1978c) ; Hardebo and Edvinsson (1979) ; Forrester et a\. (1979) ; Wahl and Kuschinsky (1976) and Edvinsson and Fredholm (1983) ; Edvinsson and Krause (1979) ; McCulloch et al. (1981) ; Edvinsson et a\. (1978a,b) ; Kuschinsky and Wahl (1979) ; Edvinsson and Owman (1975 ago, to establish the basic responses of the cerebral vasculature to hypoxia, hypercapnia, and altera tions in perfusion pressure (for a historical perspec tive, see Purves, 1972) . With the advent of quanti tative tracer techniques for assessing levels of CBF and oxygen consumption (Kety and Schmidt, 1945) interest in the cranial window approach waned, and relatively few investigations were performed (see Rosenblum and Zweifach, 1963 , as an exception). However, there has been a steady resurgence of interest in direct examination of pial vessel calibre since 1970, largely as a result of successful system atic use of this approach by two groups, one in Munich and one in Richmond (see Wahl et al., 1970; Raper et al., 197 1, as early examples) . The almost concurrent development of sensitive in vitro tech niques for assessing the response of cerebral ar teries (Nielsen and Owman, 197 1) added to the in terest in reassessing the vasomotor responses of the cerebral vasculature at their most fundamental level in vitro and in situ.
Although the data obtained with in vitro and in situ techniques are often complementary, each of these approaches has its own distinct advantages and disadvantages. The in vitro technique provides a reliable analysis of vasomotor responses of any major cerebral artery from almost any species. The experiments are relatively easy to perform and de tailed receptor characterisation can be carried out under more controlled conditions, with elimination of the complicating effects of drugs or other recep tors by the presence in the bath of receptor blockers. For example, specific f3-adrenoreceptors mediating the dilatation of feline middle cerebral arteries were characterised in sympathectomised vessels to eliminate neuronal uptake of agonists, and in the presence of normetanephrine to eliminate uptake into nonneuronal tissue; dibenamine has been used to block any complicating effects of ag onists on a-adrenoreceptors (Furchgott, 1972; Ed vinsson and Owman, 1974) . The principal disadvan tages of the in vitro approach are the size limitation (only large arteries which are not the major deter minant of cerebrovascular resistance can be ex amined) and the frequent necessity to preconstrict to reveal relaxation with the attendant risk of phar macological interaction.
The major advantages of the in situ approach are (1) the size of vessels-arterioles as small as 30 /-Lm can be examined with great accuracy, (2) the vessels are in their normal milieu, (3) dilatation can be elic ited without prior pharmacological manipUlation, (4) the vasomotor response of pial veins can be ex amined to gain insight into the regulation of cere brovascular capacitance, and (5) the dynamics of vasomotor responses to be explored as measure ments of calibre can be made approximately every 2 s. The necessity for anaesthesia, with the atten dant concern as to whether the choice of an anaes thetic regimen influences the vasomotor response of the cerebral vasculature (see Fitch et al., 1983) , is the principal disadvantage of the in situ tech niques presently available.
Open skull versus closed skull
There are two distinctly different approaches to examining vasomotor reactions of pial vessels. In the first approach the cerebral vasculature is viewed, after removal of the dura, via a transparent cranial window inserted into the calvarium and tightly sealed. Local administration of drugs or neu rotransmitters is by means of superfusion of the cortical surface beneath the cranial window (for de scriptions of different variants of this approach, see Raper et al., 197 1; Auer, 1978; Dora and Kovach, 1983) . There is increasing use of closed skull cranial windows in conjunction with measurements of ce rebrovascular and metabolic variables such as ce rebral blood volume, the NAD/NADH redox state, and pial blood velocity by either the Doppler or the indicator dilution technique (Busija et al., 198 1; Eke, 1982; Dora and Kovach, 1983) . The alternative approach is to employ an open skull technique and to protect the cerebral microenvironment ::tfter re moving the dura by means of a deep pool of warmed mineral oil above the craniotomy site. Agents whose vasomotor effects are being investigated are administered as perivascular subarachnoid microin jections (of a few microlitres) around an individual pial arteriole (Wahl et al., 1972) . There is persistent controversy concerning the relative merits of these two experimental in situ methods, yet there have been no systematic attempts to compare critically the closed skull and open skull methods. A com mendable, though somewhat misdirected attempt by Navari et aI. (1978) merely served to intensify the debate while clouding the real issues (see Kontos, 1980; Kuschinsky and Wahl, 1980) . It should be emphasised that the marked alkalosis re ported in open skull-mineral oil preparations (Na vari et aI., 1978) is never encountered in properly conducted investigations Wahl, 1979, 1980) . Moreover, the mineral oil does not act as a concave lens, a suggestion which has been made in the past.
In the absence of any reliable, direct comparison of open skull and closed skull methods, what may be deduced from the published literature? As most investigations have been performed in cats, species differences do not arise, although differences in an aesthesia (barbiturates or chloralose) may con tribute to divergent results. The pial arteriolar di latation caused by induced hypercapnia is identical in the open skull and closed skull techniques (a 1 % calibre change for each I-mm Hg alteration in ar terial carbon dioxide tension) (Raper et aI., 197 1; Gregory et aI., 1980) . Similarly, the pial arteriolar dilatations caused by induced hypotension were al most identical in both preparations, with propor tionately greater calibre increases in the smaller pial arterioles (Kontos et aI., 1978; MacKenzie et aI., 1979) . However, only in the open skull approach J Cereb Blood Flow Metabol, Vol. 4, No.2, 1984 was marked pial vasoconstriction observed, as would be expected to maintain a constant CBF (MacKenzie et aI., 1976) , whereas in the closed skull approach pial arterioles with diameters of 150 fLm and less never constricted, and even major pial arteries (diameters greater than 220 fLm) displayed only modest constriction (maximum 8%). The dis crepancy between the two cranial window tech niques with respect to contractile (but not dilator) responses is a consequence, we believe, of the dif ference in the anaesthetics employed rather than the difference between open skull and closed skull models. Barbiturates (as employed by Kontos et aI., 1978) , in anaesthetic concentrations, attenuate cerebrovascular contraction in vitro (Edvinsson and McCulloch, 198 1; Mapin et aI., 198 1) , and in situ, with an open skull approach, the magnitude of the contractile responses to induced hypertension and to perivascular potassium (40 mM) are significantly smaller in cats anaesthetised with barbiturates than in those anaesthetised with chloralose (Fitch et aI., 1983) .
It is possible to debate the relative merits of the types of cranial window techniques without a con census even being reached as to their value in in vestigations of systemic manipulations such as per fusion pressure, blood gas status, etc. It is our view that perivascular microapplication of neurotrans mitters is far superior to cortical superfusion in in vestigations of direct vasomotor effects. It is well recognised that the cerebral metabolic activity is a major determinant of the level of CBF. With super fusion of the cortical surface with neurotransmitters such as NA, 5-HT, and VIP, which have potent ac tions on cerebral metabolism (MacKenzie et aI., 1976; Harper and MacKenzie, 1977a; McCulloch and Edvinsson, 1980) , it is impossible to separate direct effects on the vessels by the neurotransmitter from indirect effects in response to the disturbed oxidative metabolism in the cortex. Measurements of the NAD/NADH redox state have confirmed that superfusion of NA beneath a cranial window stim ulates cortical metabolic activity (Dora and Ko vach, 1983) . The administration of microlitre quan tities of neurotransmitter solutions in the immediate vicinity of an individual arteriole ensures maximum concentration at the vessel and, because of dilution in the perivascular space, only minimal concentra tions of the agent reach the cortical surface.
In spite of all differences cited above between the two cranial window techniques (e.g., the impor tance of the anaesthetic regimen and of the mode of drug administration), the information obtained is often broadly similar. For example, the administra tion of fluids of varied pH elicits appropriate con-striction and dilatation of vessels with the microap plication-open skull (Kuschinsky et al. 1972 ) and the superfusion-closed skull approaches (Kontos et aI., 1977a,b) (Fig. 3) . Both animal models have been employed successfully to examine vascular actions of neuronal peptides such as VIP (Mc Culloch and Edvinsson, 1980; Wei et al., 1980) (Fig.  4) . However, the micro application approach is ap proximately 10-fold more sensitive to VIP than the superfusion approach (Fig. 4) , possibly because the arachnoid limits access of the large molecular weight peptide to the smooth muscle, whereas this complication is avoided by subarachnoid microap plication. The similarities between the two experi mental techniques are often forgotten and sub merged when the controversies arise (i.e., Raper et aI., 1972; Wahl et aI., 1972; Kontos, 1980; Ku schinsky and Wahl, 1980) .
Comparison of in vitro and in situ data
There have been no systematic attempts to com pare and contrast the information concerning ce rebrovascular responses in vitro with information obtained in situ in anaesthetised animals. From the previous discussion it is clear that a comparison should be made in the more commonly used species and for the same arterial territory. There is a pre ponderance of data for cats and, additionally, the in situ data have been obtained in the territory of middle cerebral artery, the vessel most commonly used in in vitro studies. For purposes of comparison we have used the data from microapplication studies, not simply because we are most familiar with it but because it avoids potentially compli cating metabolic factors and problems of access, and the greater artifactual possibilities of barbitu rate anaesthesia.
There is a good correlation between the sensi tivity of feline blood vessels in vitro and in situ to various contractile and dilator agents (Tables 3 and  4 ). Overall, there is an excellent correlation be tween ECso values obtained in vitro and those ob tained in situ (Fig. 5) , although there are a number of clear exceptions, e.g., adenosine triphosphate, enkephalins, 5-HT, and f3-adrenoreceptor agonists (Table 4 ). It is apparent (Tables 3 and 4; Fig. 5 ) that there are marked differences in the sensitivity of cerebrovascular smooth muscle to different agents; they are particularly sensitive to low concentrations of neuropeptides, such as neuropeptide Y and sub stance P, whereas monoamines require concentra tions 1 ,OOO-fold greater to induce vasomotor effects. Such differences in sensitivity, as well as in the en dogenous levels of the various neuropeptides and monoamines, must be considered fully in the design of CBF and metabolism studies if the physiological (rather than pharmacological) role of perivascular neurotransmitters is to be fully elucidated.
Value of cerebrovascular reactivity investigations
The assessment of vasomotor responses of ce rebral blood vessels, where in vitro or in situ, can never provide a solution to all the problems of ce rebrovascular research. Even with the advent of so phisticated auto radiographic techniques for animal investigations, and positron and nuclear magnetic resonance tomography in patients, investigations of the basic pharmacology of cerebrovascular smooth muscle remain a crucial element in cerebral circu latory research. It is the techniques reviewed here which will tell us the nature of vasomotor response (whether constriction or dilatation) for each new perivascular nerve system identified, as well as the concentration of neurotransmitter necessary to elicit the response. It is with in vitro techniques that new classes of compounds with selective action on cerebral blood vessels (and with therapeutic possi bilities) will be identified. Calcium entry blockers, which are presently attracting the greatest attention clinically, are a recent example of this. More opti mistically, vasomotor reactivity investigations may provide insight into the aetiology and treatment of pathological conditions, such as cerebral vaso spasm and migraine, in which a vascular reaction is considered to be crucially involved.
In vitro and in situ techniques will continue to contribute to these and other areas of cerebral cir culatory research; but the basic approaches must not become isolated from in vivo studies on tissue blood flow and metabolism as has so often been the case in recent history. Busija SW, Heistad DD, Marcus ML (1981) Continuous mea surement of cerebral blood flow in anesthetized cats and dogs. Am J Physiol 241 (Heart Circ PhysioII0):H228-H234 Chan-Palay V (1977) Innervation of cerebral blood vessels by norepinephrine, indoleamine, substance P and neurotensin fibres and the leptomeningeal indole amine axons. In: Neu rogenic Control of Cerebral Circulation (Owman C, Ed vinsson L, eds), pp 39-53 Dacey RG Jr, Duling BR (1982) A study of rat intracerebral ar terioles: methods, morphology, and reactivity. Am J Physiol
